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(54) Automobile floor structure 

(57) A floor is partitioned into a plurality of areas S1 
to S4 by a floor tunnel portion 11, side frames 13, side 
sills 12, and cross members 7, 8, 15, and 16, and the 
rigidity of the floor panels of the areas S1 to S3 is ad- 
justed by rigidity adjustment portions 20, 21 , 22, 23, and 
25. These floor panels are set such that their natural 



frequency in a 2 x 1 mode, in which two antinodes are 
generated in the length direction of the automobile and 
one antinode is generated in the width direction of the 
automobile, is 240 to 260 Hz. Thus, a reduction in road 
noise due to automobile tire cavity resonance is 
achieved. 
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Description 

[0001] The present invention relates to the structure 
of an automobile body floor panel and an automobile 
with this body floor panel, and in particular relates to a 
body floor panel that excites vibration in a specific mode 
with a low acoustic radiation efficiency with respect to 
the input of vibrations in a predetermined frequency 
band that results in road noise. 

[0002] Road noise, that is, the noise within an auto- 
mobile interior that is caused by tire cavity resonance 
and suspension vibration or the like while the automo- 
bile is in motion, is a problem. In general, road noise due 
to tire cavity resonance peaks in a specific frequency 
band from 200 to 300 Hz, and road noise due to sus- 
pension vibration peaks near 1 60 Hz. Accordingly, a va- 
riety of anti-vibration and anti-noise measures have con- 
ventionally been employed at various parts of the auto- 
mobile body, with particular focus on the floor panel, 
which is one of the sources of road noise. 
[0003] For example, numerous beads are formed on 
the floor panel or the thickness of the panel is increased 
to raise its surface rigidity and thereby shift its natural 
frequency to a high frequency band that is higher than 
300 Hz. This means that the floor panel is made to not 
vibrate near 160 Hz, due to suspension vibration, or at 
the frequency band of tire cavity resonance, and thus 
road noise is reduced. With these approaches, however, 
high frequency vibrations subsequently become a prob- 
lem that requires measures such as attaching sound ab- 
sorbing material to the floor panel in order to absorb the 
high frequency noise. 

[0004] However, the use of large amounts of sound 
absorbing material increases material costs and makes 
the automobile body heavier. 

[0005] In response to these problems, we noticed that 
sound radiated from a vibrating panel changes signifi- 
cantly depending on the vibration mode, and thus we 
propose that the floor panel shape and the boundary 
conditions, for example, are established such that, in 
specific frequency bands where road noise is a concern, 
a vibration mode with a low acoustic radiation efficiency 
is excited. This proposal is described in 
JP-H09-202269A. 

[0006] More specifically, the number of antinodes of 
the stationary waves excited lengthwise and widthwise 
in a substantially square panel are given as n and m, 
respectively, and when the vibration mode is n x 
m=even number, then sounds radiated from opposite 
phase, adjacent sections in the panel cancel each other 
out and are reduced. As shown in Fig. 5B : the acoustic 
radiation efficiency is lowest particularly when the vibra- 
tion mode is the 2x2 mode. 

[0007] Accordingly, in the reduced radiation sound 
structure of the body panel disclosed in the above ap- 
plication, a substantially square region (vibration mode 
adjustment region) is set at both the left and right sides 
of the floor tunnel of the body floor panel, and the distri- 



bution of surface rigidity in the panel is adjusted so that 
the vibration mode of the regions is the 2 x 2 mode. 
Consequently, even if vibrations of a specific frequency 
band caused by tire cavity resonance or suspension vi- 
5 bration, for example, are input and resonate the floor 
panel, road noise resulting from this is sufficiently sup- 
pressed and the degree of silence inside the automobile 
can be increased. 

[0008] However, as mentioned previously, the fre- 
10 quency bands that result in road noise are very nearly 
fixed, and establishing a region in which 2 x2 mode vi- 
bration is excited with respect to vibrations input in these 
frequency bands requires that a flat surface with a wide 
area is secured in the floor panel. 
15 [0009] In general, however, a floor tunnel portion ex- 
tending in the length direction of the body is formed in 
the body floor panel. Moreover, side frames, side sills, 
and reinforcing members such as cross members are 
joined to the body floor panel. These not only ensure 
20 automobile body rigidity and increase steering stability 
but are also critical from the standpoint of increasing the 
automobile's ability to protect passengers during im- 
pact. Consequently, it is not possible to make large 
changes to their dimensions, shape, and layout. There- 
25 fore, adopting the above floor panel structure for exciting 
2X2 mode vibration for the body of the automobile is 
difficult to achieve because it is difficult in practice to se- 
cure a wide flat surface. 

[0010] The present invention has been arrived at in 
30 |jght of these issues, and it is an object thereof to utilize 
the layout of the floortunnel portion and side frames, for 
example, in the floor panel of an automobile and simul- 
taneously set vibration mode adjusted areas within the 
floor panel to both ensure body rigidity and safety and 
35 reduce road noise by adjusting the vibration mode. 
[0011] To achieve the above objects, in the present 
invention, an area of a floor panel partitioned by the floor 
tunnel portion and the various reinforcing members, and 
which is oblong in the length direction of the automobile 
40 body, is made so that a 2 x 1 mode vibration resulting 
in two antinodes in the length direction of the automobile 
and one antinode in the width direction of the automobile 
is generated, and is adjusted so thatthe natural frequen- 
cy of the 2 x 1 mode is effective in reducing road noise 
45 due to tire resonance. 

[0012] That is, the present invention is for an automo- 
bile floor structure in which the automobile floor is par- 
titioned into a plurality of areas by a floortunnel portion 
extending in the lengthwise direction of the automobile 
50 along the central portion in the automobile width, left and 
right side sills extending in the lengthwise direction of 
the automobile body along both side portions of the au- 
tomobile width, side frames extending in the lengthwise 
direction of the automobile body between the floor tun- 
55 nel portion and the left and right side sills, and cross 
members extending in the automobile width direction, 

wherein the floor panel of at least one area of the 
plurality of areas is bound at its perimeter by the one of 
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the side frames, two cross members and the floor tunnel 
portion or one of the side sills, and has a floor panel 
structure in which the vibration mode is adjusted so that 
a 2 x 1 mode vibration resulting in two antinodes in the 
lengthwise direction of the automobile body and one an- 
tinode in the automobile width direction is generated and 
the natural frequency of the 2 x 1 mode is 240 to 260 Hz. 
[0013] According to the invention, vibration of a 2 x 
1 mode occurs in the vibration mode adjusted floor panel 
when vibrations of between 240 and 260 Hz are input 
to the floor panel from the outside. This means that in 
the floor panel, two sections that are adjacent in the 
length direction of the automobile vibrate with opposite 
phase but with the same amplitude, so that there is a 
considerable drop in the acoustic radiation efficiency 
and thus road noise between 240 and 260 Hz can be 
significantly reduced. 

[0014] The perimeter of the vibration mode adjusted 
floor panel is bound by the floor tunnel portion and 
strengthening members (area partitioning members) 
such as the side frames, and thus it easily forms inde- 
pendent vibration systems and is beneficial in exciting 
the intended 2 x 1 vibration mode. 
[001 5] The vibration mode adjusted floor panel is also 
effectively reinforced by the floor tunnel portion extend- 
ing in the lengthwise direction of the automobile, the side 
frames, the side sills, and the cross members that inter- 
sect with these and extend in the width direction of the 
automobile. Thus, the automobile body rigidity and its 
ability to protect passengers can be adequately en- 
sured. 

[0016] This means that with the present invention, a 
floor panel structure is formed that utilizes the automo- 
bile body reinforcement structure for increasing the au- 
tomobile's body rigidity and ability to protect passengers 
and that employs areas that are partitioned by these re- 
inforcing members (strength members) to generate a 2 
x 1 mode vibration and thereby significantly reduce 
road noise at 240 to 260 Hz due to tire cavity resonance. 
[001 7] The vibration mode adjusted floor panel can be 
adjusted to partially increase its rigidity so that station- 
ary wave vibrations in the 2 x 1 mode are generated at 
240 to 260 Hz. 

[0018] That is, even if a flat panel shape is adopted 
for the entire floor panel of an area, if the plate thickness 
is increased to raise the area's rigidity, then its natural 
frequency can be adjusted to 240 to 260 Hz. However, 
this results in a heavier automobile body and a consid- 
erable increased in the automobile body weight, partic- 
ularly if the entire panel constituting the floor is press- 
shaped from a single plate material. 
[0019] Accordingly, an approach of partially increas- 
ing the rigidity of the vibration mode adjusted floor panel 
is adopted so that the thickness of the entire plate does 
not have to be increased. As a result, a reduction in road 
noise can be achieved without a large increase in the 
body weight. Moreover, because the approach is that of 
partially increasing the rigidity of the floor panel, the nat- 



ural frequency can be easily adjusted to a target value 
during the design stage of the floor panel. Examples of 
methods for partially increasing the rigidity include par- 
tially forming concave or convex portions in the floor 

5 panel, partially increasing the plate thickness, and par- 
tially joining other members to the floor panel. 
[0020] The vibration mode adjusted floor panel can be 
provided with two rigidity adjustment portions with in- 
creased surface rigidity and which are lined up in the 

10 length direction of the automobile body so that vibrations 
in the 2 x 1 mode occur. Also, the floor can be formed 
so that the periphery of the rigidity adjustment portions 
is flat. 

[0021 ] Consequently, the center of the two rigidity ad- 

15 justment portions, which have an increased surface ri- 
gidity, becomes an antinode and 2 x 1 mode vibration 
is generated in the floor panel. Also, the periphery of the 
rigidity adjustment portions is formed flat and with low 
rigidity, and the flat portion flexibly deforms in a vertical 

20 direction. Thus, coupled vibration is prevented between 
the floor panel of the area and surrounding area parti- 
tioning members or the floor panels of other areas. Also, 
this configuration is advantageous in generating vibra- 
tions in the 2 x 1 mode. The section between the two 

25 rigidity adjustment portions is also formed flat with low 
rigidity, so that this intermediate flat portion becomes a 
node where the site forward of it and site to the rear of 
it easily vibrate with opposite phase. This means that 
vibrations in the 2 x 1 mode are more easily produced. 

30 [0022] In this case, it is for example possible for the 
rigidity adjustment portions and the flat portion around 
them to have the same plate thickness, and also devise 
each entire rigidity adjustment portion as a concave sur- 
face that recesses downward or a convex surface that 

35 protrudes upward. It is also possible to provide a bead 
at the concave or convex surface to further adjust the 
direction in which the rigidity is increased. 
[0023] The vibration mode adjusted floor panel can al- 
so be provided with a substantially rectangular panel 

40 portion that generates a stationary wave vibration of the 
2 x 1 mode at 240 to 260 Hz. 

[0024] Vibrations in the 2 x 1 mode occur easily when 
the floor panel is rectangular. Accordingly, the floor pan- 
el is provided with a substantially rectangular panel por- 
45 tion (region) that vibrates in the 2 x 1 mode when vibra- 
tion is given from the outside, so that the natural fre- 
quency of the panel portion in the 2 x 1 mode is 240 to 
260 Hz. 

[0025] When the vibration mode adjusted floor panel 
so is non-rectangular in shape, rigidity adjustment portions 
that have a higher surface rigidity than other sections 
are provided at the periphery of the non-rectangular 
floor panel so that a substantially rectangular panel por- 
tion that generates 2 x 1 mode standing wave vibrations 
55 at 240 to 260 Hz can be formed in the non-rectangular 
floor panel. 

[0026] That is, if the floor panel of the area is non- 
rectangular in shape, then it is difficult to produce vibra- 
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tion in the 2x1 mode. To remedy this, the area floor 
panel can conceivably be devised into a shape where 
vibration in the 2 x 1 mode easily occurs by altering the 
shape or positioning of the floor tunnel portion, the side 
sills, or other area partitioning members. This, however, 5 
makes it difficult to effectively reinforce the automobile 
body and ensure adequate automobile body rigidity and 
passenger safety. 

[0027] Accordingly, a rigidity adjustment portion is 
provided on at least a portion of the floor panel periphery 
in order to regulate the vibration region of the floor panel. 
Thus, a substantially rectangular panel portion that gen- 
erates stationary wave vibrations at 240 to 260 Hz in the 
2 * 1 mode is formed. 

[0028] It is possible to provide the vibration mode ad- 
justed floor panel with a rigidity adjustment portion that 
regulates the region in which the floor panel vibrates, so 
that the ratio of the width edge of the substantially rec- 
tangular panel to its length edge is substantially 1 :2. 
[0029] In other words, vibration in the 2x1 mode oc- 
curs easily with a rectangular panel having a width to 
length ratio of substantially 1:2. Accordingly, the floor 
panel has been provided with a rigidity adjustment por- 
tion in order to form a rectangular panel portion (2 x 1 
mode vibration region) with a width to length edge ratio 
of substantially 1 :2. 

[0030] Adopting this configuration means that wheth- 
er the floor panel is rectangular or non-rectangular in 
shape is no longer p concern. Even if the floor panel 
were rectangular in shape : when the ratio of its oblong 
width to length sides is not substantially 1 :2, it is possible 
to provide a rigidity adjustment portion at the periphery 
of the floor panel in order to form a rectangular panel 
portion in which the width to length ratio is substantially 
1:2. 

[0031] A rigidity adjustment portion can be provided 
at the periphery of the vibration mode adjusted floor pan- 
el in order to suppress coupled vibration between the 
substantially rectangular panel portion and at least one 
of the floor tunnel portion, the side sills, the side frames, 
and the cross members. 

[0032] That is, the vibration mode adjusted floor panel 
forms a vibration system separate from the area parti- 
tioning members, namely the floor tunnel portion, the 
side sills, the side frames, and the cross members. It 
also forms a vibration system separate from the floor 
panel of other areas. However, these floor panels and 
area partitioning members easily generate coupled vi- 
bration because the elements making up each of the vi- 
bration systems are either continuous or joined to one 
another. 

[0033] Accordingly, in the present invention, a rigidity 
adjustment portion that inhibits coupled vibration be- 
tween the substantially rectangular panel portion and 
the area partitioning members is provided at the periph- 
ery of the vibration mode adjusted floor panel, so that 
stationary wave vibrations in the 2 x 1 mode, where the 
natural frequency is 240 to 260 Hz, are reliably produced 



in that panel portion. 

[0034] In this case, the periphery portion of the floor 
panel (the space outside the 2 x 1 mode vibration re- 
gion) can be effectively employed in forming the above 
rigidity adjustment portion for preventing coupling. 
[0035] That is 5 when a substantially rectangular (in 
particular, having a width to length edge ratio of substan- 
tially 1 :2) vibration region, such as one that produces 2 
x 1 mode vibration, has been secured in the vioracion 
mode adjusted floor panel, there is often extra space 
created at the periphery of that floor panel. This space 
is not only simply extraneous but also disadvantageous 
for 2 x 1 mode vibrations. Conversely, from the stand- 
point of ensuring body strength, for example, it is gen- 
erally difficult to dispose the area partitioning members 
in a way that does not result in this extra space. By pro- 
viding the above rigidity adjustment portion for prevent- 
ing coupled vibration, this problem is solved, and more- 
over, effective use of the space can achieved. 
[0036] The rigidity adjustment portion in this case can 
be formed by discontinuously changing the area's sur- 
face rigidity at the periphery of the vibration region (the 
substantially rectangular panel portion). For example, a 
structural bead (protruding bar having a U-shaped or V- 
shaped cross section) that extends in the length direc- 
tion of the body or the width direction of the automobile 
and is perpendicular to the direction in which the 2 x 1 
mode vibration waves advance (in this case, these are 
stationary waves, so that two waves of equal wave- 
length and amplitude advance in opposite directions) 
can be formed by press-shaping. 
[0037] In this case, the area becomes easily bent 
about the structural bead, that is, there is diminished 
bending rigidity with respect to bending about the struc- 
tural bead, so that vibrations in the area are not easily 
transferred between the vibration region side and the 
outside (area partitioning member side), and thus cou- 
pled vibration is avoided. 

[0038] The floor panel can be formed by press-shap- 
ing a single metal plate that has the total width of that 
between the left and right side sills, including the floor 
tunnel portion. At this time, the rigidity adjustment por- 
tion can be formed on the panel as a structural bead that 
extends in the width direction of the automobile. 
[0039] Press-shaping a single metal plate with the to- 
tal width of the floor panel, including the floor tunnel por- 
tion, means that in principle the floor tunnel portion bulg- 
es outward, and the material at that time flows in the 
width direction of the automobile. 
[0040] Taking this into consideration, the rigidity ad- 
justment portion is given as a structural bead that ex- 
tends in the width direction of the automobile, so that 
the plastic flow of the material during press-shaping 
takes places smoothly. That is, if the rigidity adjustment 
portion is a structural bead that extends in the length 
direction of the automobile body, then the bead portion 
hinders the plastic flow of the material during press- 
shaping and shape defects tend to occur, however, by 
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making it a structural bead that extends in the width di- 
rection of the automobile, the bead portion does not ob- 
struct the press-shaping properties. 
[0041] When the vibration mode adjusted floor panel 
is non-rectangular in shape, a plurality of structural 
beads that extend in the width direction of the automo- 
bile can be provided in a line in the length direction of 
the body with a spacing therebetween, so as to regulate 
the width of the vibration region (dimensions in the width 
direction) of that floor panel in order to form a substan- 
tially rectangular panel portion in the floor panel. In par- 
ticular, it is possible to form a rectangular panel portion 
(2 x 1 mode vibration portion) that is oblong in the length 
direction of the body by arranging the beads so that the 
position of their end on the vibration region side lines up 
in a straight line in the length direction of the body. 
[0042] For example, if the floor panels of areas adja- 
cent to the floor tunnel portion are vibration mode ad- 
justed floorpanels, then a spacing in the length direction 
can be provided between the plurality of beads extend- 
ing in the automobile width direction spanning from the 
floor panel to the floor tunnel, and the end portions of 
the beads can be positioned on the border line of the 2 
x 1 mode vibration region. 

[0043] The vibration mode adjusted floor panel can be 
set between the floor tunnel portion and the side frames 
underneath the automobile front seats. 
[0044] With this configuration, the vibration mode ad- 
justed floor panels are disposed underneath the front 
seats, so that road noise emanating from below the front 
seats to the passengers sitting therein is effectively re- 
duced. Also, the floor panels are hidden below the front 
seats, so that 2 x 1 mode vibration is prevented from 
being transferred to the feet of passengers sitting in the 
front seats. Conversely the feet of passengers are not 
allowed to interfere with the 2 x 1 mode vibration in the 
floor panel. Thus, this configuration is advantageous in 
reducing radiated noise. 

[0045] The vibration mode adjusted floor panel can al- 
so be formed on both sides of the side frames. 
[0046] Thus, it is possible to achieve a reduction in 
radiated noise by effectively utilizing the areas, which 
are oblong in the length direction of the body, on either 
side of the side frames. 

[0047] It is possible to adjust the rigidity of the floor 
panel of areas of the plurality of areas other than those 
in which the floor panel has been given a vibration mode 
adjusted floor panel structure, so that its natural fre- 
quency is higher than 300 Hz. 

[0048] That is, although all of the plurality of areascan 
be given a vibration mode adjusted floor panel structure, 
there may also be areas in which it is difficult to generate 
effective 2 x 1 mode vibrations due to the relationship 
of the layout, for example, of the reinforcing members. 
Accordingly, in these areas, the rigidity of the floor panel 
is adjusted so that the panel has a natural frequency 
that is higher than 300 Hz, and therefore the panels 
avoid resonating with respect to external vibration equal 



to or less than 300 Hz, and a reduction in radiated sound 
is achieved. 

[0049] In an automobile that has been provided with 
the above floor structure, making the front suspension 
5 a double wishbone suspension is beneficial in increas- 
ing silence within the interior of the automobile. 
[0050] As mentioned above, the vibration mode ad- 
justed floor panel is highly effective in reducing radiated 
sound when vibrations between 200 and 300 Hz are in- 
fo put, however, in an automobile the peak of road noise 
due to suspension resonance appears around 160 Hz. 
This road noise is particularly conspicuous with a 
Macpherson strut suspension (hereinafter, referred to 
just as strut suspension). This is because with this type 
15 of suspension, the bottom end of the damper, the top 
end of which is joined to the automobile body, is rigidly 
joined to the knuckle/spindle, so that while the automo- 
bile is in motion, front-to-rear and side-to-side vibrations 
are easily transferred to the automobile body from the 
20 knuckle/spindle via the damper. 

[0051] In contrast, in the case of a double wishbone 
suspension, an upper arm and a lower arm are joined 
to the upper and lower ends of the knuckle/spindle by 
ball joints, and the bottom end of the damper is joined 
25 to the upper or lower arm by a ball joint. Therefore, front- 
to-rear and side-to-side vibrations that are delivered to 
the damper from the knuckle/spindle via the upper or 
lower arm are absorbed by vibration of the damper 
about the point where its upper end is attached to the 
30 automobile body, and thus are not easily transferred to 
the automobile body. Thus, road noise near 200 to 300 
Hz is suppressed by vibrations in the 2 x 1 mode of the 
vibration mode adjusted floorpanel, and road noise near 
160 Hz is also diminished. Thus, this configuration is ad- 
35 vantageous in increasing the silence within the automo- 
bile interior. 

[0052] Furthermore, the present invention is charac- 
terized in that the automobile floor is partitioned into a 
plurality of areas by a floor tunnel portion extending in 

40 the lengthwise direction of the automobile body along a 
central portion in the automobile width, left and right side 
sills extending in the lengthwise direction of the automo- 
bile body along both side portions of the automobile 
width, side frames extending between the floor tunnel 

45 portion and the left and right side sills in the lengthwise 
direction of the automobile body, and a plurality of cross 
members extending in the automobile width direction, 

a floor panel of at least one area of the plurality of 
areas is bound at its left and right by one of the side 

so frames and either the floor tunnel portion or one of the 
side sills, formed in a substantially rectangular shape 
that is bound at its front and back by two cross members 
and oblong in the lengthwise direction of the automobile 
body, and has long sides that are formed more than 

55 twice as long as its short sides, and 

the floor panel is provided with a pair of curved 
surface portions, which are formed in an elliptical shape 
with a perimeterthat is oblong in the lengthwise direction 
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of the automobile body and protrude upwards or down- 
wards, and are lined up in the lengthwise direction of the 
automobile body with coinciding long axes, and the floor 
panel has a floor panel structure in which a vibration 
mode is adjusted such that a 2 x 1 mode vibration re- 
sulting in two antinodes in the lengthwise direction of the 
automobile body and one antinode in the automobile 
width direction is generated and a natural frequency of 
the 2 x 1 mode is substantially matched to a tire cavity 
resonance frequency of the automobile. 
[0053] In the present invention, when a vibration in- 
duced by the tire cavity resonance is input to the floor 
panel, a 2x1 mode vibration, in which the two elliptical 
curved surface portions that are adjacent to one another 
in the lengthwise direction of the automobile body vi- 
brate at opposite phases and at the same frequency, is 
generated in the floor panel, and thus the acoustic radi- 
ation efficiency is severely diminished, so that road 
noise due to tire cavity resonance can be significantly 
diminished. 

[0054] Furthermore, in a case where the floor panel 
is rectangular in shape and enclosed by the above 
strengthening members, an ideal rectangle for generat- 
ing the 2x1 mode vibration is a 2 x 1 rectangle in which 
the long sides are twice the length of the short sides. 
However, depending on the automobile, the layout of the 
floor tunnel portion, the side sills, the side frames, and 
the cross members may not allow a floor panel that is 
surrounded by these strengthening members to be- 
come a 2 x 1 rectangle, and for example, the floor panel 
may be closer in shape to a 3 x 1 rectangle, in which 
case it is difficult to generate a 2 x 1 mode vibration. 
[0055] To explain this in greater detail, even if the floor 
panel is not a 2 x 1 rectangle, as long as it is close in 
shape to a 2 x 1 rectangle, it is possible to provide a 
floor panel that is substantially a 2 x 1 rectangle by pro- 
viding beads and other reinforcing members at its pe- 
riphery portion. However, if the floor panel is close in 
shape to a 3x1 rectangle, then the region that remains 
after reinforcing beads extending in the width direction 
of the automobile are provided and the floor panel has 
been partitioned to form a 2 x 1 rectangular region, has 
its own characteristic vibration, or coupled vibration is 
generated between the region that remains and the 2 x 
1 rectangular region, which is unfavorable with regard 
to reducing the anticipated road noise through 2x1 
mode vibration. 

[0056] Also, as was mentioned above, if the floor pan- 
el is a long and thin rectangle, then the bending rigidity 
in the lengthwise direction of the automobile body (the 
bending rigidity when the panel bends about an axis in 
the width direction of the automobile body) is lower than 
the bending rigidity in the width direction of the automo- 
bile body (the bending rigidity when the panel bends 
about an axis in the lengthwise direction of the automo- 
bile body). 

[0057] Accordingly, in the present invention, the pair 
of curved surface portions that line up in the lengthwise 



direction of the automobile body are formed in a sub- 
stantially rectangular floor panel portion with long sides 
twice as long as its short sides, have a planar shape that 
is elliptical and oblong in the lengthwise direction of the 

5 automobile body : and increase the bending rigidity in the 
lengthwise direction of the automobile. 
[0058] Thus, a 2 x 1 mode vibration., in which the pair 
of elliptical curved surface portions vibrate up and down 
in opposite phase to one another, is generated in the 

10 floor panel, and the curved surface portions are ellipses 
that are oblong in the lengthwise direction of the auto- 
mobile body. This is advantageous for substantially 
matching the natural frequency of the 2 x 1 mode to the 
tire cavity resonance frequency. 

15 [0059] That is, it is not necessary to provide elliptical 
curved surface portions if the object is only to achieve 
2 x 1 mode vibration, and for example, the curved sur- 
face portions could conceivably be given a substantially 
rectangular perimeter. However, in order to reduce road 

20 noise due to cavity resonance, the surface rigidity of the 
floor panel must be effectively increased to substantially 
match its natural frequency in the 2 x 1 mode with the 
cavity resonance frequency. 

[0060] Here, the case of the present invention, where 

25 the curved surface portions have an elliptical perimeter 
instead of a rectangular perimeter, is advantageous in 
increasing the surface rigidity of the floor panel, because 
the perimeter of the curved surface portions bypasses 
the comers of the rectangular floor pane! and extends 

30 obliquely to link the middle portion of the long sides of 
the floor panel to the middle portion of the short sides 
ofthefloorpanel. Moreover, because the curved surface 
portions according to this invention are ellipses that are 
oblong in the lengthwise direction of the automobile 

35 body instead of having a perfectly circular perimeter, the 
bending rigidity of the floor panel in the lengthwise di- 
rection of the automobile body is effectively increased. 
Thus, the present invention is advantageous for increas- 
ing the natural frequency of the 2 X 1 mode so that it is 

40 substantially matched to the cavity resonance frequen- 
cy 

[0061] Furthermore, the present invention is charac- 
terized in that the automobile floor is partitioned into a 
plurality of areas by a floor tunnel portion extending in 

45 the lengthwise direction of the automobile body along a 
central portion in the automobile width, left and right side 
sills extending in the lengthwise direction of the automo- 
bile body along both side portions of the automobile 
width, side frames extending between the floor tunnel 

so portion and the left and right side sills in the lengthwise 
direction of the automobile body, and a plurality of cross 
members extending in the automobile width direction, a 
floor panel of at least one area of the plurality of areas 
is bound at its left and right by one of the side frames 

55 and either the floor tunnel portion or one of the side sills, 
formed in a substantially rectangular shape that is 
bound at its front and back by two cross members and 
oblong in the lengthwise direction of the automobile 
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body, and has long sides that are formed more than 
twice as long as its short sides, and 

the floor panel is provided with a pair of curved 
surface portions that are formed in an elliptical shape 
with a perimeter that is oblong in the lengthwise direction 
of the automobile body and protrude upwards or down- 
wards, and that are lined up in the lengthwise direction 
of the automobile body with coinciding long axes, and 
the floor panel has a floor panel structure in which a vi- 
bration mode is adjusted such that a 2 x 1 mode vibra- 
tion resulting in two antinodes in the lengthwise direction 
of the automobile body and one antinode in the automo- 
bile width direction is generated and a natural frequency 
of the 2 X 1 mode is 200 to 300 Hz. 
[0062] In other words ; the tire cavity resonance fre- 
quency is generally within a range of 200 to 300 Hz, al- 
though this differs depending on the type of tire that has 
Deen equipped to the automobile (for example, tire 
width, tire diameter, compression, air pressure), the 
speed of the automobile, and the atmosphere tempera- 
ture. Thus, with the present invention, a pair of elliptical 
curved surface portions that are oblong in the length- 
wise direction of the automobile body are provided in 
the floor panel and arc lined up in the lengthwise direc- 
tion of the automobile body with coinciding axes, so that 
a 2 x 1 mode vibration is generated and the rigidity of 
the floor panel is adjusted so that the natural frequency 
of the 2 x 1 mode is established at 200 to 300 Hz. 
[0063] Thus, a reduction in road noise due to tire cav- 
ity resonance can be effectively achieved. 
[0064] It is also possible to set the natural frequency 
of the 2 x 1 mode to 220 to 240 Hz. 
[0065] That is, as was mentioned above, although the 
tire cavity resonance frequency may differ depending on 
the type of tire that has been equipped to the automobile 
and the speed of the automobile, for example, in the 
case of a sports car or the like, the tire cavity resonance 
frequency is near 230 Hz because of the relationship 
between, for example, the diameter and the compres- 
sion of the tires that have been equipped and the auto- 
mobile speed at which the reduction in road noise is to 
be achieved. Consequently, the present invention can 
be adopted for an automobile with a comparatively low 
tire cavity resonance frequency in order to effectively 
achieve a reduction in the road noise of that automobile. 
[0066] It is preferable that each of the pair of elliptical 
curved surface portions has a large radius of curvature 
at its central portion and a small radius of curvature at 
its periphery portion. 

[0067] Thus, the periphery portion of the elliptical 
curved surface portions is more upright and has in- 
creased rigidity, and this is advantageous for increasing 
the natural frequency of the 2 x 1 mode so that it match- 
es the cavity resonance frequency of.the tires. 
[0068] It is preferable that, when viewed from above, 
the ends of the long axis of the pair of elliptical curved 
surface portions are in contact with one another or that 
the ends of the long axes are overlapping. 



[0069] If the pair of elliptical curved surface portions 
are shaped so that they are in contact with or overlap 
with one another, then the curved surface portions can 
be made larger, and this is advantageous with regard to 

5 increasing the rigidity of the floor panel portion so that 
the natural frequency of the 2 x 1 mode is substantially 
matched to the cavity resonance frequency of the tires. 
Also, even when their shape is such that they overlap, 
only the end portions of the long axes of the pair of el- 

10 liptical curved surface portions overlap with one another, 
and because the shape of the central portion becomes 
a narrowed gourd-shape if the entirety of both recesses 
is viewed from above, the narrowed central portion be- 
comes a node and 2 x 1 mode vibration in which both 

15 sides of the node vibrate at an opposite phase can be 
ensured. 

[0070] It Is preferable that an intermediate bead ex- 
tending in the lengthwise direction of the automobile 
body and narrower in width than the short axis of the 
20 ellipse is formed in the floor panel, so as to link the end 
portions of the long axis of the pair of elliptical curved 
surface portions to one another. 

[0071] That is, as mentioned above, because the floor 
panel has a low bending rigidity in the lengthwise direc- 
ts tion of the automobile body, its central portion (the site 
between the adjacent elliptical curved surface portions) 
becomes severely distorted when vibrated, and that dis- 
tortion can adversely affect the 2 x 1 mode vibration. 
[0072] If an intermediate bead is provided, then, be- 
so cause the rigidity of the central portion of the floor panel 
is increased, and particularly because the intermediate 
bead extends in the lengthwise direction of the automo- 
bile body, the intermediate bead is effective in increas- 
ing the bending rigidity of the floor panel in the length- 
35 wise direction of the automobile body and is advanta- 
geous for obtaining 2x1 mode vibration with little dis- 
tortion, and moreover, it is advantageous for substan- 
tially matching the natural frequency of the 2 x 1 mode 
vibration to the tire cavity resonance frequency. Also, 
40 the width of the intermediate bead is shorter than the 
short axis of the ellipse, so that both recessed portions 
and the intermediate bead together produce a gourd- 
shaped outline in which the intermediate bead is the site 
that is narrowed, and this is advantageous for 2 x 1 
45 mode vibration in which the site of the narrowed inter- 
mediate bead serves a node. 

[0073] It is preferable that end portion beads extend- 
ing in the lengthwise direction of the automobile body 
are formed in the floor panel at the edge of each elliptical 

so curved surface portion in the direction of its long axis on 
the side opposite the intermediate bead. 
[0074] Thus, because of the intermediate bead and 
the end portion beads, a balance can be achieved in the 
rigidity of the front and rear end portions of the elliptical 

55 curved surface portions, and this is advantageous for 
orderly vibrating the elliptical curved surface portions up 
and down without distortion in order to obtain vibration 
in the 2 x 1 mode. 
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[0075] It is further preferable that lateral portion beads 
extending in the lengthwise direction of the automobile 
body are formed in the floor panel at the side edge of 
each elliptical curved surface portion. 
[0076] Thus, the lateral portion beads can be em- 
ployed to balance the rigidity of both sides of the ellipti- 
cal curved surface portions, and this is advantageous 
for vibrating the elliptical curved surface portions verti- 
cally in an orderly fashion without distortion in order to 
obtain vibration in the 2x1 mode. 
[0077] If the floor panel is bound on its left and right 
by a side frame and a side sill, the lateral portion beads 
can be disposed not on the side of the side sills on the 
side of the side frames, which have a low degree of bind- 
ing with respect to the floor panel, so as to balance the 
rigidity of both sides of the elliptical curved surface por- 
tions. Thus, this is advantageous for vibrating each el- 
liptical curved surface portion vertically in an orderly 
fashion without distortion in order to obtain vibration in 
the 2 x 1 mode. 

[0078] It is preferable that if the floor panel is the 
above long and thin rectangle, then a rigidity adjustment 
means, such as the elliptical curved surface portions, 
the intermediate bead, the end portion beads, and the 
lateral portion beads, that functions to increase the 
bending rigidity in the lengthwise direction of the auto- 
mobile body more so than to increase the bending rigid- 
ity in the width direction of the automobile body is pro- 
vided. 

[0079] As mentioned above, the floor panel is sub- 
stantially rectangular in shape and oblong in the length- 
wise direction of the automobile body, so that its bending 
rigidity in the lengthwise direction of the automobile 
body is lower than its bending rigidity in the width direc- 
tion of the automobile body. Therefore, by providing a 
rigidity adjustment means, the rigidity at the front, rear, 
left, and right of the floor panel can be balanced while 
its overall rigidity can be increased. This is advanta- 
geous for substantially matching the natural frequency 
of the 2 x 1 mode to the tire cavity resonance frequency. 
[0080] In atwo-doortype automobile, or in a four-door 
type hinged double door automobile in which the rear 
doors are more narrow than the front doors, there is a 
wide space between the cross member at the front end 
of the floor and the cross member behind it, and a floor 
panel that is bound by these two front and rear cross 
members is easily provided substantially rectangular in 
shape with long sides in the lengthwise direction of the 
automobile body twice the length of its short sides. 
[0081 ] Thus, adjusting the vibration mode of the floor 
panel of this type of automobile using the pair of elliptical 
curved surface portions proves advantageous in achiev- 
ing a reduction in road noise caused by tire cavity res- 
onance. 

[0082] The present invention is also characterized by 
a method of designing an automobile floor panel, where- 
in the automobile floor is partitioned into a plurality of 
areas by a floor tunnel portion extending in the length- 



wise direction of the automobile body along a central 
portion in the automobile width, left and right side sills 
extending in the lengthwise direction of the automobile 
body along both side portions of the automobile width, 
5 side frames extending between the floor tunnel portion 
and the left and right side sills in the lengthwise direction 
of the automobile body, and a plurality of cross members 
extending in the automobile width direction, and 

a floor panel of at least one area of the plurality of 
10 areas is bound at its left and right by one of the side 
frames and either the floor tunnel portion or one of the 
side sills, formed in a substantially rectangular shape 
that is bound at its front and back by two cross members 
and oblong in the lengthwise direction of the automobile 
is body, and has long sides that are formed more than 
twice as long as its short sides, the method of designing 
an automobile floor panel including: 

a step of designing a basic floor panel structure in 
which a 2 x 1 mode vibration resulting in two antinodes 
in the lengthwise direction of the automobile body and 
one antinode in the automobile width direction is gener- 
ated by disposing, in the floor panel, a pair of curved 
surface portions that are formed in an elliptical shape 
with a perimeterthat is oblong in the lengthwise direction 
of the automobile body and protrude upwards or down- 
wards, and that are lined up in the lengthwise direction 
of the automobile body with coinciding long axes, and 
a step of increasing a natural frequency of the 2x1 
mode by providing a groove-shaped structural bead that 
extends in the lengthwise direction of the automobile 
body and is narrower in width than the short axis so as 
to link the end portions of the long axis of the pair of 
elliptical curved surface portions to one another, and of 
tuning the natural frequency to substantially match the 
tire cavity resonance frequency of the automobile by ad- 
justing the depth of the groove-shaped structural beads. 
[0083] As mentioned above, forming a pair of elliptical 
curved surface portions in a flat, rectangular floor panel 
is effective in generating 2x1 mode vibration. However, 
in order to reduce road noise due to tire cavity reso- 
nance, the rigidity of the floor panel must be increased 
so that the natural frequency of the 2x1 mode is sub- 
stantially matched to the tire cavity resonance frequen- 
cy. 

With regard to this, the inventors found that the rigidity 
of the floor panel can be easily increased by providing 
groove-shaped structural beads linking the two elliptical 
curved surface portions in the floor panel. The inventors 
also found that the rigidity of the panel is easily altered 
by changing the depth of the groove of the structural 
beads. 

[0084] Accordingly, in the present invention, the nat- 
ural frequency of the 2x1 mode is increased by providing 
groove-shaped structural beads, and the natural fre- 
quency is tuned so that it is substantially matched to the 
tire cavity resonance frequency of the automobile by ad- 
justing the depth of the groove-shaped structural beads. 
[0085] Consequently, with this method of designing a 
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floor panel, the natural frequency in the 2 x 1 mode of 
the floor panel can be easily matched to the target tire 
cavity resonance frequency by adjusting the depth of the 
groove-shaped structural beads. Moreover, the same 
basic floor panel shape can be adopted even when the 
tire cavity resonance frequency differs because of the 
automobile speed and the tire type, and thus the floor 
panel can be easily designed. 

Fig. 1 is a perspective view of the automobile un- 
derbody according to Embodiment 1 . 
Fig. 2 is a perspective view of the torque box mem- 
ber and dash lower cross member that are attached 
to the dash panel of Embodiment 1 . 
Fig. 3 is a magnified perspective view of the front 
floor panel of Embodiment 1 . 
Fig. 4 is a cross-sectional view taken along the IV-IV 
line in Fig. 3 that shows the configuration of the side 
frames of Embodiment 1 . 

Fig. 5 is a diagram of radiated sound cancellation 
in the vibration mode adjusted region. 
Fig. 6 is a graph showing the relationship between 
the depth of the recession formed in the panel of 
Embodiment 1 and the resonance frequency. 
Fig. 7 is a graph comparing the acoustic radiation 
properties of the panel of Embodiment 1 and a flat 
panel. 

Fig. 8 is a diagram of a double wishbone suspen- 
sion and a strut suspension. 
Fig. 9 is a lateral view of an automobile according 
to Embodiment 2 of the present invention. 
Fig. 10 is a perspective view of the underbody of 
the automobile according to Embodiment 2. 
Fig. 11 is a diagram showing the compound curved 
surface of the elliptical curved surface portions ac- 
cording to Embodiment 2. 

Fig. 12 is a cross-sectional view taken in the length- 
wise direction of the automobile, and shows the in- 
termediate beads and the end portion beads ac- 
cording to Embodiment 2. 

Fig. 13 is a cross-sectional view taken in the width 
direction of the automobile, and shows the lateral 
beads according to Embodiment 2. 
Fig. 14 is a perspective view showing various types 
of floor panels. 

Fig. 15 is a graph comparing the acoustic radiation 
properties of the panel according to Embodiment 2 
with those of a fiat panel. 

[0086] Hereinafter, preferred embodiments of the 
present invention will be described with reference to the 
drawings. 

Embodiment 1 

[0087] Fig. 1 shows the underbody B of an automobile 
in which the reduced sound radiation structure accord- 
ing to the present invention has been adopted for the 



floor. The underbody B of this automobile is provided 
with a front floor panel 1 making up the floor portion of 
the car interior, a center floor panel 2 disposed one stage 
higher to the rear of the automobile from the front floor 

5 panel 1 and on which a rear seat not shown in the draw- 
ing is disposed, and a rear floor panel 3 disposed one 
stage higher to the rear of the automobile from the cent- 
er floor panel 2 and which makes up the floor portion of 
the trunk. Also, the bottom edge portion of a dash panel 

10 4, which separates the automobile interior from the en- 
gine room, is joined to the edge portion of the front floor 
panel 1 on the front side of the automobile by spot weld- 
ing or the like. Moreover, a pair of front side frames 5, 5 
and a pair of fender aprons 6, 6 are provided in front of 

15 the dash panel 4 such that they enclose both the left and 
right sides of the engine room. 

[0088] The bottom side portion of the dash panel 4 is 
a sloped portion 4a that is sloped such that the closer it 
approaches the bottom edge, the more it is positioned 

20 toward the rear of the automobile body. Also, a recessed 
portion that opens downward is formed substantially in 
the center of the sloped portion 4a in the automobile 
width direction, corresponding to a floor tunnel portion 
1 1 of the front floor panel 1 . The pair of front side frames 

25 5, 5 each extends from the bottom edge portion of the 
dash panel 4 forward and obliquely upward along the 
sloped portion 4a and separates from the dash panel 4 
near the top edge of the sloped portion 4a, extending 
substantially horizontally from there toward the front of 

30 the automobile. Although not shown in detail, the portion 
of each front side frame 5 on the front side of the auto- 
mobile is formed in a quadrangular pillar that has a sub- 
stantially rectangular closed cross section and is made 
by combining two members, each made of a steel plate 

35 with a bracket-shaped cross section, from the left and 
right. On the other hand, as shown in Fig. 2, the portion 
of each front side frame 5 on the rear side of the auto- 
mobile has a structure with a substantially rectangular 
closed cross section and is made by overlapping a 

40 member made of a steel plate and having a bracket- 
shaped cross section to the sloped portion 4a of the 
dash panel 4 from below. 

[0089] Reinforcing members are attached from below 
to the sloped portion 4a of the dash panel 4 such that 

45 they sandwich the front side frame 5 on the left and right. 
That is, as shown in Fig. 2, torque box members 7, 7 
(only one is shown in Fig. 2) having a substantially L- 
shaped cross section are disposed at each front side 
frame 5 on the side of the body exterior (left side in draw- 

so ing), and a body interior side flange 7a of each torque 
box member 7 is joined to the front side frame 5, while 
a body front side flange 7b of the torque box 7 is joined 
to the sloped portion 4a of the dash panel 4. The sloped 
portion 4a and the torque box 7 together form a closed 

55 cross section structure that extends in the width direc- 
tion of the automobile. 

[0090] Also, a dash lower cross member 8 is disposed 
such that it is sandwiched on the left and right between 
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the pair of front side frames 5, 5. The dash lower cross 
member 8 is a combination of left and right side mem- 
bers 9 ; 9, which have a substantially L-shaped cross 
section, and an intermediate member 10 that links the 
members 9, 9. Body exterior side flanges 9a, 9a of the s 
left and right members 9, 9 are each joined to the front 
side frames 5, 5, and a body front side flange 1 0a of the 
intermediate member 10 is joined to the sloped portion 
4a of the dash panel 4. The sloped portion 4a and the 
dash lower cross member 8 together form a closed 10 
cross section structure that extends in the width direc- 
tion of the automobile. 

[0091] For the sake of convenience, hereinafter the 
torque box members 7, 7 and the dash lower cross 
member 8 are referred to as the No.1 cross member. is 
[0092] As shown in Fig. 3, the front floor panel 1 is a 
press-shaped steel plate of a predetermined thickness 
(for example, a thickness of 0.65 to 0.7 mm), and is 
formed into a single piece with the floor tunnel portion 

1 1 , which bulges upward at the substantially central po- 20 
sition in the width direction of the automobile and ex- 
tends in the length direction of the body. Also, both end 
sides in the width direction of the front floor panel 1 are 
made so that an automobile side body (not shown) can 

be attached thereto, and side sills 12, 12 (illustrated by 25 
the phantom line), which have a closed cross section 
structure and extend in the length direction of the auto- 
mobile body along the bottom edge portion of the side 
body, are joined to the front floor panel 1 by spot welding, 
for example. That is, the front floor panel 1 is made by 30 
press-shaping a single metal sheet of the total width be- 
tween the left and right side sills 12, 12 including the 
floor tunnel portion 11. 

[0093] Floor side frames 13 : 13 are provided between 
the floor tunnel portion 1 1 and each side sill 1 2, 1 2 and 35 
extend in the length direction of the automobile body. 
Each floor side frame 1 3, like the rear portion of the front 
side frames 5, forms a substantially rectangular closed 
cross section and is made by combining a member, 
made by a steel plate with a bracket-shaped cross sec- *o 
tion, to the bottom surface of the front floor panel 1 from 
below. As shown in Fig. 4, to ensure the closed cross 
section area, a protruding portion 14 that protrudes up- 
ward is formed at the site of the front floor panel 1 that 
corresponds to the front side frame 5. This protruding 45 
portion 14 extends in the length direction from the front 
edge portion of the front floor panel 1 to a predetermined 
location behind the central position in the length direc- 
tion of the automobile body. Also, the front end portions 
of the floor side frames 13,13 are connected to the rear so 
end portions of the front side frames 5, 5. 
[0094] That is, in addition to the centrally located floor 
tunnel portion 11 and the left and right end side sills 12, 

12, the front floor panel 1 is also provided with the floor 
side frames 13 and the protruding portions 14, which 55 
are substantially in the center between the floor tunnel 
portion 11 and the side sills 12, to serve as reinforce- 
ment in the length direction of the automobile body. 



Thus, sufficient bending rigidity and twisting rigidity of 
the automobile body is ensured while deformations of 
the automobile interior due particularly to head-on au- 
tomobile collisions are minimized in order to reliably pro- 
tect the passengers. 

[0095] On the other hand, to serve as reinforcement 
in the width direction of the automobile, there is the pre- 
viously mentioned No. 1 cross member (torque box 
members 7 and the dash lower cross member 8) for re- 
inforcing the front end portion of the front floor panel 1 . 
In addition to this, a No. 2 cross member 1 5 that extends 
in the width direction of the automobile such that it spans 
the floor tunnel portion 11, and a No. 3 cross member 
16 that extends in the automobile width direction along 
the juncture between the rear end edge portion of the 
front floor panel 1 and the center floor panel 2, are also 
disposed in the substantially central position in the 
length direction of the front floor panel 1 . The No. 2 cross 
member 15 is a member with a bracket-shaped cross 
section that opens downward and is joined to the top 
surface of the front floor panel 1 . Its substantially central 
portion in the width direction of the automobile bends 
upward in correspondence with the shape of the floor 
tunnel portion 11, whereas its left and right edge por- 
tions are joined to the side sills 12, 12. 
[0096] A reinforcement member 17 that also serves 
as the mount for the front seats is disposed between the 
No. 2 cross member 1 5 and the No. 3 cross member 1 6. 
Fig. 1 shows only a left front seat 18, which is disposed 
slightly removed of the top of the No. 2 cross member 
15 toward the rear of the automobile body. The rein- 
forcement member 17, which extends in the automobile 
width direction, is disposed bridging from the floor side 
frames 13 to the side sills 12 at a position near the rear 
end portion of the cushion for the front seat 1 8. Although 
not shown in the drawings, the two attachment members 
in front of the seat cushion are fastened to the No. 2 
cross member 15, whereas one of the two attachment 
members to the rear is fastened to the reinforcement 
portion 17 and the other is fastened to the floor tunnel 
portion 1 1 . Thus, the automobile's ability to protect front 
seat passengers against side collisions is improved by 
the reinforcement member 17 disposed below the front 
seat. 

[0097] With the above configuration, the floor made 
by the front floor panel 1 is partitioned into eight areas, 
each of a substantially rectangular or near rectangular 
shape, by the floor tunnel portion 11, the floor side 
frames 13, 13 (protruding portions 14, 14) and the side 
sills 12, 12, which all extend in the length direction of 
the automobile, and the cross members 7, 8, 15, and 
16, which each extend in the width direction of the au- 
tomobile. 

[0098] Moreover, the present invention is character- 
ized in that the floor panels of six areas S1 to S3 of the 
eight areas are structured as vibration mode adjusted 
floor panels, which excite a specific vibration mode of a 
low acoustic radiation efficiency with respect to vibra- 
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tions input in a predetermined frequency band (240 to 
260 Hz), and in particular to vibrations input at approx- 
imately 250 Hz (hereinafter, the areas S1 to S3 are also 
referred to as vibration mode adjusted areas). The rigid- 
ity of the floor panels of the remaining two areas S4 of 
the eight areas is adjusted so that the panel's natural 
frequency is at least 300 Hz. 

[0099] A detailed description of a vibration mode with 
a low acoustic radiation efficiency is given in the con- 
ventional example (JP-H09-202269). Here, when the 
number of antinodes of the stationary waves excited 
lengthwise and widthwise in a rectangular region are 
given as n and m, respectively, then as shown in the 
example in Fig. 5, if n xm=even number, then the 
sounds radiated from sections of opposite phase that 
are adjacent in the panel cancel each other out and 
there is a significant drop in the acoustic radiation ener- 
gy 

[01 00] Thai is, with the 2 x 1 =2 vibration mode shown 
in Fig. 5A . two sections in the panel vibrate with opposite 
phase but with equal amplitudes and the radiated 
sounds cancel each other out. With the 2x2=4 vibration 
mode shown in Fig. 5B, sounds radiated from four sec- 
tions in the panel cancel each other out, and it is at this 
time that the acoustic radiation efficiency is lowest. 
[0101] As illustrated above, according to the present 
embodiment, the rigidity of the underbody B is increased 
through effectively utilizing the layout of the reinforce- 
ment structure, such as the frames and cross members 
that are disposed in the length direction of the automo- 
bile and in the width direction of the automobile, respec- 
tively. Also, the floor panels of the areas S1 to S3, which 
are oblong in the automobile lengthwise direction, on the 
front floor panel 1 are configured to excite 2 x 1 mode 
vibration, in which stationary waves in the lengthwise 
direction have two antinodes and stationary waves in 
the width direction have one antinode. 
[0102] More specifically, as is shown by Fig. 3, thefirst 
areas S1 , S1 are each partitioned on the left and right 
sides of the floor tunnel portion 11 by the front side 
frames 13 (and protruding portions 14), the side sills 12, 
the torque box member 7, and the No. 2 cross member 
15. Moreover, the border of the floor panel of the first 
areas S1 , S 1 is bound by these area partitioning mem- 
bers. 

[0103] The second areas S2, S2 are positioned in- 
ward of the first areas S1 , S1 toward the automobile in- 
side, and are partitioned by the floor tunnel portion 11, 
the floor side frames 13 (and protruding portions 14), 
the dash lower cross member 8, and the No. 2 cross 
member 15. Moreover, the border of the floor panel of 
the second areas S2, S2 is bound by these area parti- 
tioning members. 

[0104] The third areas S3, S3 are positioned behind 
the second areas S2, S2 toward the rear of the automo- 
bile, and are partitioned by the floor tunnel portion 11, 
the floor side frames 13 (and protruding portions 14), 
the No. 2 cross member 15, and the No. 3 cross member 



16. Moreover, the border of the floor panels of the third 
areas S3, S3 is bound by these area partitioning mem- 
bers. The reinforcement members 17 are provided at 
the third areas S3, S3 toward the outside of the auto- 
5 mobile body, and bridge from the floor side frames 13 
to the side sills 12, as was mentioned above. 
[0105] Additionally, two substantially circular rigidity 
adjustment portions 20, 21 are formed lined up in the 
lengthwise direction of the automobile body in each floor 
10 panel of the areas S1 to S3, and adjust the surface ri- 
gidity of the floor panel to make its natural frequency in 
the 2 x 1 mode substantially 250 Hz. 
[0106] The rigidity adjustment portions 20, 21 are both 
of substantially the same shape and are formed recess- 
is ing downward as a substantially circular recessed sur- 
face in the front and back portions of the floor panel of 
each area (or as an upward protrusion of a substantially 
circular convex surface shape). The periphery of the ri- 
gidity adjustment portions 20, 21 of the floor panels of 
20 each area is formed flat. That is, the rigidity adjustment 
portions 20, 21 are enclosed by a flat surface, and there 
is also a flat surface formed between the rigidity adjust- 
ment portions 20, 21. It should be noted that topograph- 
ically uneven lines, which serve to both adjust the sur- 
25 face rigidity and prevent slipping, appear in the rigidity 
adjustment portions 20, 21 substantially in the shape of 
a cross. 

[0107] That is, if recessed portions, for example, are 
formed in the panels as above in order to increase local 
30 rigidity, then as shown in Fig. 6, a deeper depression d 
tends to increase the local rigidity and increase the nat- 
ural frequency (resonance frequency), whereas in con- 
trast, a shallow depression d results in a drop in both 
the local rigidity and the natural frequency. Consequent- 
's |y, by suitably altering the shape of the rigidity adjust- 
ment portions 20, 21 , it is possible to reliably excite 2 x 
1 mode vibration with respect to the input of vibrations 
of a specific frequency band. Accordingly, sounds radi- 
ated from adjacent, opposite phase portions in the areas 
40 cancel each other out (cancellation of radiated sound) 
and the acoustic radiation efficiency can be made ex- 
tremely low. 

[0108] However, in this kind of resonance phenome- 
non, when the vibration of thef loor panel of an area cou- 
45 pies with the vibration of the floor panel of another area 
or the vibration of the area partitioning members (floor 
tunnel portion 11, floor side frames 13, protruding por- 
tions 14, side sills 12, and cross members 7, 8, 15. and 
16), the radiated sound becomes insufficiently can- 
so celled and the effect of reducing the radiated sound may 
be compromised. Consequently, it is preferable that vi- 
bration coupling is suppressed. 

[0109] To induce 2 x 1 mode vibration, it is preferable 
that a substantially rectangular panel portion (vibration 
55 region): and in particular that a rectangular panel portion 
in which the width to length side ratio is substantially 1 : 
2, such as a rectangular vibration region in which the 
width is 150 mm and the length is 300 mm or a rectan- 



11 



BNSDOCID: <EP 1281604A2_I_> 



21 



EP 1 281 604 A2 



22 



gular vibration region in which the width is 200 mm and 
the length is 400 mm, is formed in the floor panel of each 
of the areas S1 to S3. 

[0110] Accordingly, a structural bead 22 (rigidity ad- 
justment portion) that extends along the torque box 5 
member 7 in the width direction of the automobile at the 
front side edge portion of the panel, and a structural 
bead 23 (rigidity adjustment portion) that extends along 
the No. 2 cross member 1 5 in the width direction of the 
automobile at the rear edge portion of the panel, are 10 
formed in the floor panels of the first areas S1 . Also, the 
side edges of the floor panels of the first areas S1 in the 
automobile width direction are bound by the side sill 12 
on the exterior side of the automobile and bound by the 
floorside frame 1 3 on the interior side of the automobile. 15 
In particular, because the protruding portions 14 that 
protrude upward are provided on the front floor panel 1 
on the interiorside of the automobile, the surface rigidity 
in this portion is very significantly altered. 
[0111] Therefore, the floor panels of the first areas S1 20 
are regulated by the structural beads 22 and 23, the side 
sills 12 and the floor side frames 1 3 (and protruding por- 
tions 14) so that the region of vibration is substantially 
rectangular in shape, that is, so that a substantially rec- 
tangular panel portion is formed. In this case, the struc- 25 
tural beads 22 and 23 function to form the substantially 
rectangular panel portion in the floor panels of the areas 
S1 , and also function to prevent coupled vibration be- 
tween these panel portions and the cross members 7 
and 15. That is to say, by providing these areas with the 30 
structural beads 22 and 23, which extend in the width 
direction of the automobile, the floor panel of the areas 
bends easily about the bead portions, which serve as 
bend lines, and thus is advantageous in preventing cou- 
pled vibration. 35 
[0112] Moreover, a flat portion (low rigidity portion) of 
a predetermined width (for example, about 10 mm) is 
left between the substantially circular rigidity adjustment 
portions 20 and 21 and the structural beads 22 and 23, 
the side sills 12, and the floor side frames 13 (protruding 40 
portions 14), so that coupled vibration is prevented be- 
tween the substantially rectangular panel portion and 
other vibration systems around it and so that the ideal 
2 x 1 mode vibrations can be excited. Put differently, 
when the substantially circular rigidity adjustment por- 45 
tions 20 and 21 are too close to portions of the substan- 
tially rectangular panel portion edge where the rigidity 
changes discontinuously, the excitation of vibration of a 
predetermined mode is hindered, however, the exist- 
ence of the flat portion is beneficial in terms of exciting so 
the ideal 2 x 1 mode vibrations. 

[0113] It should be noted that the first areas S1 are 
provided with an aperture portion 24 for draining water, 
which has been disposed such that it does not adversely 
affect the vibration mode of the panels in the S areas. 55 
[0114] The floor panels of the second areas S2, unlike 
those of the first areas S1 , are formed in a non-rectan- 
gular shape in which the width at the front portion of the 



panel is larger than the width at the back portion of the 
panel due to the change of the bottom width of the floor 
tunnel portion 11 , which is one of the area partitioning 
members. Accordingly, a rigidity adjustment portion with 
a higher surface rigidity than other portions is provided 
at the front portion of the area on the side to the auto- 
mobile interior, so as to form a substantially rectangular 
panel portion (the 2 x 1 mode vibration region R shown 
by the two-dash line in Fig. 3) in the non-rectangular 
floor panel. 

[0115] More specifically, this rigidity adjustment por- 
tion is made of a plurality of beads 25, 25, ... which are 
provided having a spacing therebetween in the length- 
wise direction and which extend in the width direction of 
the automobile such that they span between the side 
surface of the floor tunnel portion 1 1 and the floor panel 
of the areas S2. The positions of the end of the beads 
25, 25, ... on the exterior side of the automobile are ar- 
ranged in a line (the line on the floor tunnel portion side 
of the vibration region R shown by the long-short dash 
line) that extends straight in the area S2 in the length 
direction of the automobile. This line passes through the 
bottom portion of the floor tunnel 11 at the rear portion 
of the area S2. 

[0116] Consequently, the floor panels of the areas S2 
are regulated by the floor side frames 1 3 (protruding por- 
tions 14), the beads 25, 25, and the bottom of the 
floor tunnel portion 1 1 to the rear of the group of beads, 
so that the width of its vibration region R (the dimensions 
in the width direction of the automobile) is substantially 
constant across the entire length in the length direction 
of the automobile. 

[0117] Also, like the first areas S1 structural beads 22 
and 23 extending in the width direction of the automobile 
along the No. 2 cross member 15 and the No. 3 cross 
member 16, respectively, are formed at the front and 
back edge portions of the floor panels of the second ar- 
eas S2. The structural beads 22 and 23 regulate the 
length of the vibration region R of the areas S2 and also 
prevent coupled vibration between the S2 areas and 
other vibration systems. 

[0118] Moreover, like the first areas S1 , in the second 
areas S2 there is a flat portion (low rigidity portion) of a 
predetermined width (for example, about 1 0 mm) left be- 
tween the substantially circular rigidity adjustment por- 
tions 20 and 21, and the structural beads 22, 23, and 
25, the floor tunnel portion 1 1 , and the floor side frames 
13 (protruding portions 14). 

[0119] The floor panels of the third areas S3 are pro- 
vided with a plurality of beads 25, 25, ... extending in the 
width direction of the automobile, in the same way as in 
the second areas S2, at the boundary portion between 
it and the floor tunnel portion 11. Also, the side of the 
floor panels on the exterior of the automobile is securely 
bound by the floorside frames 1 3. The front edge portion 
of the floor panels of the third areas S3 is bound by the 
No. 2 cross member 15 and made so that its surface 
rigidity changes discontinuously by a step portion 26 (ri- 
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gidity altering portion) formed in the front floor panel 1 
On the other hand, the rear edge portion is securely 
bound by the No. 3 cross member 16. Additionally, a flat 
portion (low rigidity portion) of a predetermined width 
(for example, about 10 mm) is left in the third areas S3 
between the substantially circular rigidity adjustment 
portions 20, 21 and the boundary portion of the area. 
[0120] The floor panels of the third areas S3 are dis- 
posed below the front seats 18. That is, viewed in the 
vertical direction of the automobile, the boundary portion 
of the third areas S3 on at least the front side of the au- 
tomobile are disposed overlapping with the front seats 
18. An aperture 27 is provided in the third areas S3 for 
the draining of water, and is arranged such that it does 
not adversely affect the vibration mode of the panels. 
[0121] With the reduced sound radiation structure for 
an automobile body floor panel according to this embod- 
imeni. the floor panels of the first to third areas S1 to S3 
partitioned by the floor tunnel portion 11, the side sills 
12. the floor side frames 13, and the cross members 7, 
8. 15. and 16 are structured as a vibration mode adjust- 
ment panels that have been given a 2 x 1 mode natural 
frequency of substantially 250 Hz by adjusting its sur- 
face rigidity. Consequently, this significantly diminishes 
the noise radiated from the front floor panel 1 due to tire 
cavity resonance and considerably reduces road noise 
without compromising the reinforcement of the automo- 
bile body. 

[0122] Moreover, the beads 22, 23, and 25 and the 
step portion 26 are provided at the periphery of the floor 
panels of the first through third areas S1 to S3 to form 
substantially rectangular vibration regions and prevent 
coupled vibration between the areas and other vibration 
systems. Thus, the desired 2 x 1 mode vibration can 
be reliably excited! 

[01 23] Fig. 7 shows the results of a test comparing the 
acoustic radiation properties of the panel of the present 
invention, which has the above vibration mode adjusted 
floor panel, and a flat panel that is not provided with this 
vibration mode adjusted floor panel. It should be noted 
that the panel of the present invention is a panel portion 
that has been taken from the portion of the front panel 
1 enclosed by the broken line A shown in Fig. 3. In the 
test, the entire circumference of each panel edge was 
bound simply and an excitation force F was imparted to 
each panel at a suitable oscillation frequency, in order 
to measure the acoustic radiation power P. 
[0124] According to Fig. 7, the panel of the present 
invention exhibits a large drop over the flat panel in 
acoustic radiation power at an oscillation frequency of 
250 Hz. From these results it can be understood that 2 
x 1 mode vibration occurs near 250 Hz in the vibration 
mode adjustment area of the panel of the present inven- 
tion. 

[0125] Also, the surface rigidity of the floor panels of 
the fourth areas S4 is adjusted so that the natural fre- 
quency of the panels is at least 300 Hz, and therefore 
resonance with respect to external vibration around 250 



Hz caused by tire cavity resonance is avoided and radi- 
ated sound is reduced. 

[01 26] That is, according to the present invention, the 
floor panel is sufficiently reinforced to ensure automo- 
5 bile body rigidity and the ability to protect passengers, 
while the layout of the reinforced structure is utilized to 
set the vibration mode adjusted areas S1 to S3 on the 
floor panel 1 so that a considerable improvement in si- 
lence within the automobile interior can be achieved. 

10 

Suspension 

[0127] Fig. 8A schematically shows an automobile 
front suspension according to the present embodiment. 
15 This suspension is a double wishbone suspension, in 
which an upper arm 33 and a lower arm 34 are joined 
to the top and bottom ends of a knuckle/spindle 32 for 
a front wheel 31 by ball joints 36, 36, and the lower end 
of a damper 35 is joined to the lower arm 34 by a ball 
20 joint 36. The upper end of the damper 35 is joined to the 
tire housing of the automobile body. 
[01 28] Fig. 8B is a schematic showing a strut suspen- 
sion to compare with the above double wishbone sus- 
pension. A suspension arm 33 is joined to the lower end 
25 of the knuckle/spindle 32 for the front wheel 31 by a ball 
joint 36, and the lower end of the damper 35 is rigidly 
joined to the to the upper end of the knuckle/spindle 32 
(the joined portion is expressed by the solid black circle) . 
The upper end of the damper 35 is attached to the tire 
30 housing of the automobile body. 

[0129] As is clear from Figs. 8A and 8B, in the case 
of the strut suspension the bottom end of the damper 
35 is rigidly joined to the knuckle/spindle 32, and thus 
when the automobile is in motion it is difficult for front to 
35 rear and side to side vibration to transmit from the kn uck- 
le/spindle 32 to the automobile body via the damper 35. 
Conversely, in the case of the double wishbone suspen- 
sion, the bottom end of the damper 35 is joined to the 
lower arm 34 by the ball joint 36, and thus front to rear 
40 and side to side vibration delivered to the damper 35 
from the knuckle/spindle 32 via the lower arm 34 is ab- 
sorbed by the damper 35 vibrating about its upper end 
attachment to the automobile body, and thus is not eas- 
ily transmitted to the automobile body. 
45 [0130] Therefore, in the present embodiment a dou- 
ble wishbone suspension is adopted for the front sus- 
pension. This not only diminished road noise near 160 
Hz due to suspension vibration, but is also advanta- 
geous in increasing automobile interior silence. 
so [0131] It should be noted that in the vibration mode 
adjustment areas S1 to S3 that are set in the front floor 
panel 1, one of the rigidity adjustment portions 20 and 
21 that are provided for adjusting the natural frequency 
of the panel can be concave and the other convex, or 
55 both can be concave or convex. 

[0132] Also, in place of a concave or convex surface, 
it is possible to provide beads or protruding bars in the 
areas S1 to S3 in order to adjust the natural frequency 
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of the areas. 

[01 33] Furthermore, it is possible to alter the distribu- 
tion of the panel surface rigidity not by a concave sur- 
face, a convex surface, or structural beads, but by at- 
taching separate members to the panel to locally alter 
the distribution of its surface density in order to adjust 
the resonance frequency. 

[0134] Attaching a damping material to the panel has 
the effect of controlling other vibration modes and re- 
ducing road noise. In this case, the panel vibration level 
is itself lowered to bring about an overall reduction in 
the amount of radiated sound, and thus silence within 
the automobile interior is increased. 
[0135] In the above embodiment, the floor panels of 
the first through third areas S1 to S3 are given a vibration 
mode adjusted floor panel structure, however, there is 
no limitation to this, and it is also possible to adopt the 
vibration mode adjusted floor panel structure for only 
one or any two of the areas S1 to S3. Alternatively, it is 
possible to adopt the vibration mode adjusted floor pan- 
el structure for not only the first to third areas S 1 to S3 
but also for the fourth area S4. 

[0136] Also, in the above embodiment, each of the 
first to third areas S1 to S3 are set to a 2 x / vibration 
mode with respect to vibration near 250 Hz, which is 
caused by tire cavity resonance, however, there is no 
limitation to this, and the floor pane! of any of the areas 
S1 to S3 can also have its natural frequency correspond 
to another frequency band. For example, the frequency 
band of the vibration for exciting the 2 x 1 vibration 
mode can be set separately for each area, so that the 
natural frequency in the 2 x 1 mode of the first and sec- 
ond areas S1 and S2 is near 250 Hz and that the third 
area S3 corresponds to a separate frequency band. 
[0137] Also, in this embodiment, the natural frequen- 
cy of the floor panel that generates 2 x 1 mode vibration 
was adjusted to near 250 Hz, however, it can also be 
adjusted to another frequency band within a range of 
200 to 300 Hz. Alternatively, it can also be adjusted to 
substantially match the tire cavity resonance frequency, 
which is determined by the automobile speed range at 
which the automobile is frequently used and the type of 
tires that the automobile is equipped with. 

Embodiment 2 

[0138] Fig. 9 shows an automobile in which the floor 
panel structure according to Embodiment 2 of the 
present invention has been adopted. This automobile is 
a four-door type hinged double door automobile in which 
the width of the rear doors 32 is less than the width of 
the front doors 31. This automobile is provided with the 
No. 1, No. 2, and No. 3 cross members 8, 15, and 16 
extending in the width direction of the automobile along 
the front end, the middle section, and the rear end of the 
front floor panel 1, respectively. The spacing between 
the No. 1 cross member 8 and the No. 2 cross member 
15 is wider than the spacing between the No. 2 cross 



member 15 and the No. 3 cross member 16. The nu- 
meral 33 denotes the tires. 

[0139] As shown in Fig. 10, the bottom edge portion 
of the dash panel 4, which separates the automobile in- 

5 teriorfrom the engine room, is joined to the edge portion 
of the front floor panel 1 on the front side of the automo- 
bile through spot welding, for example, and a pair of front 
side frames 5, 5, is provided in front of the dash panel 
4 such that they enclose the engine room on the left and 

to right. 

[0140] The front floor panel 1 is a press-formed steel 
plate of a predetermined thickness (for example, a thick- 
ness of 0.65 to 0.7 mm) that, in the substantially central 
position in the width direction of the automobile, is 

15 formed into a single unit with the front tunnel portion 1 1 
that expands upwards and extends in the length direc- 
tion of the automobile. An automobile side body (not 
shown) is attached to both ends of the front floor panel 
1 in the width direction of the automobile, and the side 

20 sills 12, 12 (shown by long-short dashed lines), which 
have a closed cross section and extend along the bot- 
tom edge portion of the side bodies in the lengthwise 
direction of the automobile body, are joined to the front 
floor panel 1 by spot welding, for example. That is, the 

25 front floor panel 1 is formed by press-forming a single 
sheet of metal having an overall width of that between 
the left and right side sills 12, 12 including the floor tun- 
nel portion 11. 

[01 41 ] Floor side frames 13,13 are provided between 

30 the floor tunnel portion 11 and the side sills 12, 12 and 
extend in the length direction of the automobile body. 
Each floor side frame 13, like the rear portion of the front 
side frames 5, forms a substantially rectangular closed 
cross section and is made by combining a member, 

35 made by a steel plate with a bracket-shaped cross sec- 
tion, to the bottom surface of the front floor panel 1 from 
below. The front end portions of the floor side frames 
13,13 are connected to the rear end portions of the front 
side frames 5, 5. 

40 [0142] That is, in addition to the centrally located floor 
tunnel portion 1 1 and the left and right end side sills 12, 
12, the front floor panel 1 is also provided with the floor 
side frames 13 substantially in the center between the 
floor tunnel portion 11 and the side sills 12, to serve as 

45 reinforcement in the length direction of the automobile 
body. Thus, sufficient bending rigidity and twisting rigid- 
ity of the automobile body is ensured while deformations 
of the automobile interior due particularly to head-on au- 
tomobile collisions are minimized, in order to reliably 

50 protect the passengers. 

[0143] On the other hand, to serve as reinforcement 
in the width direction of the automobile, there is the pre- 
viously mentioned No. 1 cross member 8 for reinforcing 
the front end portion of the front floor panel 1 . In addition 

55 to this, a No. 2 cross member 15 that extends in the 
width direction of the automobile in the central position 
of the length direction of the front floor panel 1, and a 
No. 3 cross member 16 that extends in the automobile 
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width direction at the rear end portion of the front floor 
panel 1 are provided. 

[0144] The No. 1 cross member 8 is provided span- 
ning from the front edge of the floor panel 1 to the dash 
panel 4, and together the cross member 8 and the dash 
panel 4 configure a closed cross section structure that 
extends in the width direction of the automobile. 
[0145] The No. 2 cross member 15 and the No. 3 
cross member 16 are members that have a bracket- 
shaped cross section that opens downward and have 
been joined to the top surface of the front floor panel 1 , 
and are joined to the floor tunnel portion 1 1 at their end 
in the substantially central position in the width direction 
of the automobile and are joined to the side sills 12 at 
their lateral end portions. 

[0146] With the above configuration, the floor provid- 
ed by the front floor panel 1 is partitioned into eight ar- 
eas, each of a substantially rectangular or near rectan- 
gular shape, by the floor tunnel portion 1 1 , the floor side 
frames 13, 13, and the side sills 12,12, which extend in 
the length direction of the automobile, and the cross 
members 8, 15, and 16, which extend in the width direc- 
tion of the automobile. 

[01 47] Moreover, this embodiment is characterized in 
that the floor panels of two areas S1 of these eight areas, 
which have been partitioned on the left and right by the 
side sills 12 and the side frames 13 and to their front 
and rear by the No. 1 and No. 2 cross members 8 and 
15, are structured as vibration mode adjusted floor pan- 
els that excite a specific vibration mode of a low acoustic 
radiation efficiency with respect to vibrations input in a 
predetermined frequency band (200 to 300 Hz), which 
corresponds to the cavity resonance frequency of the 
tires, and in particular to vibrations input at 220 to 240 
Hz. The rigidity of the floor panels of the remaining areas 
of the eight areas is adjusted so that the natural frequen- 
cy of the panels is higher than 300 Hz. 
[0148] Also, in this embodiment, as was mentioned 
before, the rigidity of the automobile body is ensured by 
effectively utilizing the layout of the reinforcement struc- 
ture, such as the frames and cross members that are 
disposed in the length direction of the automobile and 
in the width direction of the automobile, respectively, 
and the floor panels of the areas S1 , which are oblong 
in the automobile lengthwise direction, on the front floor 
panel 1 are configured to excite 2 x 1 mode vibration, 
in which stationary waves in the lengthwise direction 
have two antinodes and stationary waves in the width 
direction have one antinode. 

[01 49] More specifically, the floor panels of the areas 
S1 , which are partitioned by the side sills 12, the side 
frames 13, and the cross members 8 and 15, are oblong 
rectangles in which the length of the long sides extend- 
ing in the length direction of the automobile is more than 
twice the length of the short sides (in this embodiment, 
the ratio of the long edge to the short edge is approxi- 
mately 3) . Moreover, the border of the floor panels of the 
areas S1 is bound by the side sills 12, the side frames 



13, and the cross members 8 and 15. 
[0150] Also, the floor panels of the areas S1 are pro- 
vided with rigidity adjustment means to adjust the rigidity 
of the floor panels, so that they vibrate in the2x 1 mode 
5 and that their natural frequency is substantially 230 Hz. 
[0151] First, horizontal beads 35 and 36 that extend 
in the width direction of the automobile are formed at the 
front and rear end portions of the floor panels, and lon- 
gitudinal beads 37 and 38 that extend in the length di- 
10 rection of the automobile are provided on the left and 
right sides of the floor panels. The ratio of the length of 
the long side of the rectangular surface that is enclosed 
by the horizontal and longitudinal beads 35 to 38 to its 
short side is slightly less than three. 
15 [0152] A pair of elliptical curved surface portions (sau- 
cer-shaped recessions) 39 and 40, the perimeter of 
which is formed in an elliptical shape that is oblong in 
the length direction of the automobile, and which pro- 
trude downward, are provided in the surface enclosed 
20 by the beads 35 to 38 and are lined up in the length 
direction of the automobile with mutually coincident long 
axes. The perimeter of the elliptical curved surface por- 
tions 39 and 40 is basically formed flat. 
[0153] An intermediate bead 41 is formed between 
25 the pair of elliptical curved surface portions 39 and 40, 
end portion beads 42 and 43 are respectively formed at 
the front end edge of the front elliptical curved surface 
portion 39 and at the rear end edge of the rear elliptical 
curved surface portion 40, and lateral portion beads 44, 
30 44 are formed at the edge of the elliptical curved surface 
portions 39 and 40 on their side frame 13 side. Moreo- 
ver, recessed portions 45 are formed in the flat portion 
on both sides of the intermediate beads 41 . The numeral 
46 denotes an aperture for draining water. 
35 [0154] Both the horizontal beads 35 and 36 and the 
lengthwise beads 37 and 38 are structural beads that 
are formed as groove-shaped depressions in the panel. 
[0155] The size of the ellipse of the elliptical curved 
surface portions 39 and 40 is adjusted so as to establish 
40 a relationship where the recessed portions are in con- 
tact when viewed from above, that is, the end of their 
long axes are in contact with one another. Also, as 
shown in Fig. 11, the elliptical curved surface portions 

39 and 40 are formed as a compound curved surface in 
45 which the curved surface of the central portion, which 

has a large radius of curvature R1 , and the curved sur- 
face of the perimeter portion, which has a small radius 
of curvature R2, are connected. In the case of this em- 
bodiment, the radius of curvature R1 is four times the 
so radius of curvature R2. Also, beads 47 that both adjust 
the surface rigidity and act as a non-slip member are 
provided at the elliptical curved surface portions 39 and 

40 and extend in the length direction of the automobile. 
[0156] The intermediate beads 41 are structural 

55 beads that are formed recessed in a groove-shape be- 
tween the elliptical curved surface portions 39 and 40, 
extend in the length direction of the automobile at a nar- 
rower width than the short axis of the ellipse of the el- 
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iiptical curved surface portions 39 and 40, and as shown 
in Fig. 12, link the ends of the long axes of the elliptical 
curved surface portions 39 and 40. 
[0157] The rear end portion beads 43 are structural 
beads that are formed recessed in a groove-shape at 5 
the rear end of the long axis of the rear side elliptical 
curved surface portion 40, extend in the length direction 
of the automobile at the same width as the intermediate 
beads 41 , and link the rear elliptical curved surface por- 
tions 40 and the rear horizontal structural beads 36. The 10 
front end portion beads 42 are formed in the same way 
as the rear end portion beads 43, and link the front el- 
liptical curved surface portions 39 and the front horizon- 
tal structural beads 35. 

[0158] The lateral portion beads 44 are structural *5 
beads that are formed as groove-shaped recessions on 
the edge of the elliptical curved surface portions 39 (40) 
on the side of the side frames 13 (the position of the 
short axis of the ellipse of the elliptical curved surface 
portions), and as shown in Fig. 13, extend in the length 20 
direction of the automobile spanning between the ellip- 
tical curved surface portions 39 (40) and the lengthwise 
structural beads 37. It should be noted that the lateral 
beads arc not provided on the side sill 12 side of the 
elliptical curved surface portions 39 (40). The reason for 25 
this is that the side sills 12 are more rigid than the side 
frames 13 and more tightly bind the floor panels. That 
is, considering the difference in rigidity between the side 
sills 12 and the side frames 13, the reason why the lat- 
eral portion beads 44 have been provided only on the 30 
side of the narrow frames 13 is to balance the rigidity of 
both sides of the elliptical curved surface portions 39 
and 40 so that the elliptical curved surface portions 39 
and 40 vibrate vertically in an orderly fashion without 
distortion, so that the central portion between the ellip- 35 
tical curved surface portions 39 and 40 becomes an an- 
tinode. 

[0159] By adjusting the surface rigidity as above, the 
floor panels of the areas S1 vibrate in the 2 x 1 mode 
and have a natural frequency of approximately 230 Hz. 40 
The following is a specific description of the operation 
of the above-described rigidity adjustment means, such 
as the elliptical curved surface portions 39 and 40, 
based on the results of a simulation. 

[0160] Inthecaseof Fig. 14A, a pair of curved surface 45 
portions 51 , 51 with a square perimeter are formed in a 
line in the length direction in the central portion of the 
floor panels of the areas S1, and the outside of the 
curved surface portions 51, 51 in the length direction is 
flat. The natural frequency in this case is approximately so 
135 Hz in the 1 x 1 mode and approximately 156 Hz or 
approximately 242 Hz in the 2 x 1 mode. However, al- 
though the natural frequency in the 2x1 mode ap- 
peared at approximately 242 Hz, the vibration of the 
panel did not become a clear 2x1 mode vibration. 55 
[01 61 ] In the case of Fig. 1 4B, a groove-shaped struc- 
tural bead 52 is formed along the perimeter of the floor 
panels of the areas S1 , and a pair of rectangular, curved 



surface portions 53, 53 that are oblong in the length di- 
rection are formed in a line in the length direction in the 
surface enclosed by the structural bead 52. The natural 
frequency in this case is approximately 90 Hz in the 1 
x 1 mode and approximately 1 38 Hz in the 2 x 1 mode. 
However, this is very low considering that the target nat- 
ural frequency in the 2 x 1 mode is the tire cavity reso- 
nance frequency of 230 Hz. 

[0162] In the case of Fig. 14C, the rectangular curved 
surface portions 53 of Fig. 1 4B have been replaced with 
elliptical curved surface portions 54 that are oblong in 
the length direction. The elliptical curved surface por- 
tions 54 are formed in a curved surface that has the 
same radius of curvature at its central portion as at its 
edge portion {the radius of curvature in the width direc- 
tion is approximately 450 mm). The natural frequency 
in this case is approximately 90 Hz in the 1 x 1 mode 
and approximately 148 Hz in the 2 x 1 mode. In other 
words, it was found that providing elliptical curved sur- 
face portions increased the natural frequency in the 2 x 
1 mode, but considering that the target frequency is the 
tire cavity resonance frequency of 230 Hz , the frequency 
is still too low. 

[0163] In the case of Fig. 14D, elliptical curved surface 
portions 55 of a compound curved surface in which the 
curved surface of the central portion, which has a large 
radius of curvature R1, and the curved surface of the 
peripheral portion, which has a small radius of curvature 
R2, are connected as shown in Fig. 11 (R1=600 mm, 
R2=150 mm), have been adopted in place of the ellipti- 
cal curved surface portions 54 of Fig. 14C, which have 
a constant radius of curvature. The natural frequency in 
this case is approximately 98Hz in the 1 x 1 mode and 
approximately 1 60 Hz in the 2 x 1 mode. That is, it was 
found that the natural frequency in the 2x1 mode is in- 
creased by forming the elliptical curved surface portions 
in a compound curved surface, but considering that the 
target frequency is the tire cavity resonance frequency 
of 230 Hz, the frequency is still too low. 
[0164] In the case of Fig. 14E, the elliptical curved sur- 
face portions 39 and 40, which are provided by deepen- 
ing the elliptical cu rved surface portions 55 with the com- 
pound curved surface of Fig. 14D so as to increase their 
size : are adopted, and the ends of the long axis of the 
adjacent elliptical curved surface portions 39 and 40 are 
in contact with one another. The natural frequency in this 
case is approximately 138 Hz in the 1 X1 mode and ap- 
proximately 194 Hz in the 2 x 1 mode. That is, it was 
found that the natural frequency in the 2 x 1 mode is 
increased by providing larger elliptical curved surface 
portions, but considering that the target frequency is the 
tire cavity resonance frequency of 230 Hz, the frequency 
is still too low. Also, from an analysis of the distortion in 
energy distribution when the elliptical curved surface 
portions 39 and 40 are vibrated, it was found that there 
is large distortion at the site where the ends of the long 
axis of the elliptical curved surface portions 39 and 40 
are in contact with one another, the front end portion of 
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the elliptical curved surface portion 39, the rear end por- 
tion of the elliptical curved surface portion 40, and one 
side (the side frame side) of the elliptical curved surface 
portions 39 and 40. 

[0165] In the case of Fig. 14F, intermediate structural 
beads 41 linking the elliptical curved surface portions 39 
and 40, end portion structural beads 42 and 43 linking 
the elliptical curved surface portions 39 and 40 and the 
structural beads 52, 52 at the front and the rear thereof, 
and lateral portion structural beads 44 were provided to 
the case of Fig. 14E (the embodiment shown in Fig. 10). 
That is, the structural beads 41 to 44 were formed at the 
sites where there was a large distortion during vibration. 
The depth of the structural beads 41 to 44 was set at 3 
mm. The natural frequency in this case was approxi- 
mately 157 Hz in the 1 x 1 mode and approximately 234 
Hz in the 2 x 1 mode. That is, by forming the above 
structural beads 41 to 44, it was possible to substantially 
match the natural frequency of the 2 x 1 mode to the 
target frequency of 230 Hz, which is the tire cavity res- 
onance frequency. 

[0166] In the case of an oblong floor panel that is ob- 
long in the length direction, however, there is lower 
bending rigidity in the length direction than in the width 
direction. With respect to this, the above-mentioned el- 
liptical curved surface portions 39 and 40 extend long 
in the length direction and the structural beads 41 to 44 
are all oblong in the length direction, so that both of 
these increase the bending rigidity of the floor panel in 
the length direction. It seems that this works in favor of 
increasing the natural frequency in the 2 x 1 mode to 
substantially match the tire cavity resonance frequency 
of 230 Hz. 

[01 67] Also, as is clear from comparing the natural fre- 
quencies in Fig. 14E and Fig. 14F, a major function of 
the structural beads 41 to 44 is to increase the natural 
frequency of the panel, and the depth of the structural 
beads significantly affects this function. Therefore, by 
forming the groove-shaped structural beads 41 to 44 
and adjusting the depth thereof after the basic shape of 
the floor panel for the 2 x 1 mode vibration has been 
determined (the peripheral beads 35 to 38 (or 52) and 
the pair of elliptical curved surface portions 39 and 40), 
the natural frequency of the panel in the 2X1 mode can 
be easily tuned to substantially match the tire cavity res- 
onance frequency. 

[0168] The peripheral structural beads 35 to 38 func- 
tion not only to restrict the region in the substantially rec- 
tangular floor panel where vibration in the 2x1 mode 
is generated and increase the overall rigidity of the floor 
panel, but also function to prevent coupled vibration be- 
tween the 2X1 mode vibration region and the reinforc- 
ing members that are peripheral thereto, such as the 
side frames and the cross members. That is, the struc- 
tural beads 35 to 38 increase the bending rigidity of the 
floor panel in their lengthwise direction but do not in- 
crease its bending rigidity in the direction perpendicular 
to their lengthwise direction, and thus inhibit the transfer 



of vibration between the 2 x 1 mode vibration region 
and the reinforcing members that are peripheral thereto. 
The flat portions around the elliptical curved surface por- 
tions 39 and 40 also work to prevent coupled vibration. 

5 [0169] Fig. 15 shows the results of a test comparing 
the acoustic radiation properties of the panel of the 
present invention, which has the above vibration mode 
adjusted floor panel, with those of a flat panel, which has 
not been provided with such a vibration mode adjusted 

10 floor panel. In the test, the entire circumference of each 
panel edge was bound simply and an excitation force F 
was imparted to each panel at a suitable oscillation fre- 
quency in order to measure the acoustic radiation power 
P. 

is [0170] According to Fig. 15, the panel of the present 
invention exhibits a large drop over the flat panel in 
acoustic radiation power at an oscillation frequency of 
230 Hz. From these results, it can be understood that 2 
x 1 mode vibration occurs near 230 Hz in the vibration 

20 mode adjustment area of the panel of the present inven- 
tion. 

[0171] The rigidity of the floor panels of areas other 
than the areas S1 was adjusted so that the natural fre- 
quency was at least 300 Hz, and therefore the panels 
25 avoid resonating with respect to external vibration near 
230 Hz due to tire cavity resonance, and a reduction in 
radiated sound is achieved. 

[0172] It should be noted that the configuration of this 
invention is not limited to these embodiments, and may 

30 also encompasses various other configurations. For ex- 
ample, one of the pair of elliptical curved surface por- 
tions 39 and 40 can be given a concave curved surface 
that protrudes downward and the other given a convex 
curved surface that protrudes upwards, or both may be 

35 given a convex curved surface. 

[0173] Attaching a damping material to the panel has 
the effect of controlling other vibration modes and re- 
ducing road noise. In this case, the panel vibration level 
is itself lowered to bring about an overall reduction in 

40 the amount of radiated sound, and thus silence within 
the automobile interior is increased. 
[0174] In the above embodiments, the floor panels of 
the first areas S1 are given a vibration mode adjusted 
floor panel structure, however, there is no limitation to 

45 this, and it is also possible to suitably adopt the vibration 
mode adjusted floor panel structure for the other areas 
as well. 

so Claims 

1. An automobile floor structure, wherein the automo- 
bile floor is partitioned into a plurality of areas by a 
floor tunnel portion extending in the lengthwise di- 
55 rection of the automobile body along a central por- 
tion in the automobile width, left and right side sills 
extending in the lengthwise direction of the automo- 
bile body along both side portions of the automobile 
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width, side frames extending between the floor tun- 
nel portion and the left and right side sills in the 
lengthwise direction of the automobile body, and 
cross members extending in the automobile width 
direction, characterized in that 

a floor panel of at least one area of the plurality 
of areas is bound at its perimeter by one of the side 
frames, two cross members and the floor tunnel 
portion or one of the side sills, and has a floor panel 
structure in which a vibration mode is adjusted such 
that a 2 x 1 mode vibration resulting in two antin- 
odes in the lengthwise direction of the automobile 
body and one antinode in the automobile width di- 
rection is generated and a natural frequency of the 
2 x 1 mode is 240 to 260 Hz. 

2. The automobile floor structure according to claim 1 , 
characterized in that the vibration mode adjusted 
floor panel is adjusted so that its rigidity is partially 
increased and a stationary wave vibration of the 2 
x 1 mode occurs at 240 to 260 Hz. 

3. The automobile floor structure according to claim 1 
or 2, characterized in that the vibration mode ad- 
justed floor panel is furnished with two rigidity ad- 
justment portions with an increased surface rigidity, 
which are arranged lined up in the lengthwise direc- 
tion of the automobile body, so as to cause the 2 x 
1 mode vibration, and 

that the floor panel is formed so that the pe- 
riphery of each rigidity adjustment portion is flat. 

4. The automobile floor structure according to claim 1 
or 2, characterized in that the vibration mode ad- 
justed floor panel is provided with a substantially 
rectangular panel portion that generates a station- 
ary wave vibration of the 2 x 1 mode at 240 to 260 
Hz. 

5. The automobile floor structure according to one of 
the preceding claims, characterized in that the vi- 
bration mode adjusted floor panel is non-rectangu- 
lar in shape, and 

that a rigidity adjustment portion with a higher 
surface rigidity than other portions is provided at a 
periphery of the non-rectangular floor panel, so that 
a substantially rectangular portion that generates a 
stationary wave vibration of the 2 x 1 mode at 240 
to 260 Hz is formed in the non-rectangular floor pan- 
el. 

6. The automobile floor structure according to claim 4 
or 5, characterized in that the vibration mode ad- 
justed floor panel is provided with a rigidity adjust- 
ment portion for regulating the region of vibration of 
the floor panel, such that a ratio of a width side to a 
length side of the substantially rectangular panel 
portion is substantially 1 :2. 



7. The automobile floor structure according to one of 
the preceding claims, characterized in that a rigid- 
ity adjustment portion that suppresses coupled vi- 
bration between the substantially rectangular panel 
5 portion and at least one of the floor tunnel portion, 
the side sills, the side frames, and the cross mem- 
bers is provided at a periphery portion of the vibra- 
tion mode adjusted floor panel. 

10 8. The automobile floor structure according to one of 
the preceding claims, characterized in that the 
floor panel is formed by press-forming a single met- 
al sheet having a total width of that between the left 
and right side sills including the floor tunnel portion, 

*5 and 

that the rigidity adjustment portion is formed 
on the panel as a structural bead that extends in the 
automobile width direction. 

20 9. The automobile floor structure according to one of 
the preceding claims, characterized in that the vi- 
bration mode adjusted floor panel is set between 
the floor tunnel portion and the side frames below 
an automobile front seat. 

25 

10. The automobile floor structure according to one of 
the preceding claims, characterized in that the vi- 
bration mode adjusted floor panel is formed on both 
sides of the side frames. 

30 

11. The automobile floor structure according to one of 
the preceding claims, characterized in that the ri- 
gidity of the floor panel of areas of the plurality of 
areas, except for those areas in which the floor pan- 

35 el has the vibration mode adjusted floor panel struc- 
ture, is adjusted so that its natural frequency is more 
than 300 Hz. 

12. An automobile, provided with the floor structure ac- 
40 cording to one of the preceding claims, character- 
ized in that a front suspension is a double wish- 
bone type suspension. 

13. An automobile floor structure, wherein the automo- 
^5 bile floor is partitioned into a plurality of areas by a 

floor tunnel portion extending in the lengthwise di- 
rection of the automobile body along a central por- 
tion in the automobile width, left and right side sills 
extending in the lengthwise direction of the automo- 

50 bile body along both side portions of the automobile 
width, side frames extending between the floor tun- 
nel portion and the left and right side sills in the 
lengthwise direction of the automobile body, and a 
plurality of cross members extending in the automo- 

55 bile width direction, 

a floor panel of at least one area of the plurality 
of areas is bound at its left and right by one of the 
side frames and either the floortunnel portion or one 
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of the side sills, formed in a substantially rectangu- 
lar shape that is bound at its front and back by two 
cross members and oblong in the lengthwise direc- 
tion of the automobile body, and has long sides that 
are formed more than twice as long as its short 5 
sides, characterized in that 

the floor panel is provided with a pair of curved 
surface portions that are formed in an elliptical 
shape with a perimeter that is oblong in the length- 
wise direction of the automobile body, that protrude 10 
upwards or downwards, and that are lined up in the 
lengthwise direction of the automobile body with co- 
inciding long axes, and the floor panel has a floor 
panel structure in which a vibration mode is adjust- 
ed such that a 2 x 1 mode vibration resulting in two 15 
antinodes in the lengthwise direction of the automo- 
bile body and one antinode in the automobile width 
direction is generated and a natural frequency of the 
2 x 1 mode is substantially matched to a tire cavity 
resonance frequency of the automobile. 20 

14. An automobile floor structure, wherein the automo- 
bile floor is partitioned into a plurality of areas by a 
floor tunnel portion extending in the lengthwise di- 
rection of the automobile body along a central por- 25 
tion in the automobile width, left and right side sills 
extending in the lengthwise direction of the automo- 
bile body along both side portions of the automobile 
width, side frames extending between the floor tun- 
nel portion and the left and right side sills in the 30 
lengthwise direction of the automobile body, and a 
plurality of cross members extending in the automo- 
bile width direction, 

afloor panel of at least one area of the plurality 
of areas is bound at its left and right by one of the 35 
side frames and eitherthefloortunnei portion orone 
of the side sills, formed in a substantially rectangu- 
lar shape that is bound at its front and back by two 
cross members and oblong in the lengthwise direc- 
tion of the automobile body, and has long sides that 40 
are formed more than twice as long as its short 
sides, characterized in that 

the floor panel is provided with a pair of curved 
surface portions that are formed in an elliptical 
shape with a perimeter that is oblong in the length- «5 
wise direction of the automobile body, that protrude 
upwards or downwards, and that are lined up in the 
lengthwise direction of the automobile body with co- 
inciding long axes, and the floor panel has a floor 
panel structure in which a vibration mode is adjust- so 
ed such that a 2 x 1 mode vibration resulting in two 
antinodes in the lengthwise direction of the automo- 
bile body and one antinode in the automobile width 
direction is generated and a natural frequency of the 
2 x 1 mode is 200 to 300 Hz. 55 

15. The automobile floor structure according to claim 
14 characterized in that the natural frequency of 



the 2 X 1 mode is 220 to 240 Hz. 

16. The automobile floor structure according to any of 
claims 13 to 15, characterized in that each of the 
pair of elliptical curved surface portions has a large 
radius of curvature at its central portion and a small 
radius of curvature at its periphery portion. 

17. The automobile floor structure according to any of 
claims 1 3 to 1 6, characterized in that the recessed 
portions of the pair of elliptical curved surface por- 
tions, when viewed from above, are in contact with 
one another or overlapping. 

18. The automobile floor structure according to any of 
claims 13 to 17, characterized in that an interme- 
diate bead that extends in the lengthwise direction 
of the automobile body and that is narrower in width 
than the short axis of the ellipse is formed in the 
floor panel, so as to link end portions of the long 
axes of the pair of elliptical curved surface portions 
to one another. 

19. The automobile floor structure according to claim 
18,characterized in that end portion beads ex- 
tending in the lengthwise direction of the automobile 
body are formed in the floor panel at the end of each 
elliptical curved surface portion in the direction of 
the long axis on the side opposite the intermediate 
bead. 

20. The automobile floor structure according to claim 
18 or 19, characterized in that the lateral portion 
beads extending in the lengthwise direction of the 
automobile body are formed in the floor panel at the 
side edge of each elliptical curved surface portion. 

21. The automobile floor structure according to claim 
18, 19 or 20, characterized in that the floor panel 
is bound on its left and right by one of the side 
frames and one of the side sills, and 

that the lateral portion beads are disposed not 
on the side of the side sills but on the side of the 
side frames; which have a low degree of binding 
with respect to the floor panel, so that the rigidity of 
both sides of the elliptical curved surface portions 
is balanced. 

22. The automobile floor structure according to any of 
claims 13 to 21 , characterized in that a rigidity ad- 
justment means that functions to increase a bend- 
ing rigidity in the lengthwise direction of the auto- 
mobile body more so than to increase the bending 
rigidity in the width direction of the automobile body 
is provided in the floor panel. 

23. The automobile floor structure according to any of 
claims 1 3 to 22, characterized in that the automo- 
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bile is a two-door type automobile or a four-door 
type hinged double door automobile in which the 
back doors are more narrow than the front doors. 

24. A method of designing an automobile floor panel, 5 
wherein the automobile floor is partitioned into a 
plurality of areas by a floor tunnel portion extending 
in the lengthwise direction of the automobile body 
along a central portion in the automobile width, left 
and right side sills extending in the lengthwise di- 10 
rection of the automobile body along both side por- 
tions of theautomobile width, side frames extending 
between the floor tunnel portion and the left and 
right side sills in the lengthwise direction of the au- 
tomobile body, and a plurality of cross members ex- 15 
tending in the automobile width direction, and 

a floor panel of at least one area of the plurality 
of areas is bound at its left and right by one of the 
side frames and either the floor tunnel portion or one 
of the side sills, formed in a substantially rectangu- 20 
lar shape that is bound at its front and back by two 
cross members and oblong in the lengthwise direc- 
tion of the automobile body, and has long sides that 
are formed more than twice as long as its short 
sides, characterized by: 25 

a step of designing a basic floor panel struc- 
ture in which a 2 x 1 mode vibration resulting in two 
antinodes in the lengthwise direction of the automo- 
bile body and one antinode in the automobile width 
direction is generated by disposing, in the floor pan- 30 
el, a pair of curved surface portions that are formed 
in an elliptical shape with a perimeter long in the 
lengthwise direction of the automobile body, that 
protrude upwards or downwards, and that are lined 
up in the lengthwise direction of the automobile 35 
body with coinciding long axes, and 

a step of increasing a natural frequency of the 
2 x 1 mode by providing a groove-shaped interme- 
diate bead that extends in the lengthwise direction 
of the automobile body and that is narrower in width 40 
than the short axis of the ellipse so as to link end 
portions of the long axes of the pair of elliptical 
curved surface portions to one another, and of tun- 
ing the natural frequency to substantially match a 
tire cavity resonance frequency of the automobile 45 
by adjusting the depth of the groove-shaped struc- 
tural beads. 
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